IMPORTANCE Cataract, one of the most frequent causes of blindness in developed countries, is strongly associated with aging. The exact mechanisms underlying cataract formation are still unclear, but growing evidence suggests a potential role of inflammatory and oxidative processes. Therefore, antioxidant and anti-inflammatory factors of the diet, such as vitamin K 1 , could play a protective role.
A cataract is a clouding of the crystalline lens that causes a decrease in the vision. Aging is its major predictor, but it is also associated with obesity, type 2 diabetes, diet, smoking, and alcohol, among others. 1, 2 Inflammation and oxidation could underlie the cataract formation. Because diet modulates these processes, the relationship between food or specific dietary components and cataractogenesis has been prospectively assessed. Meta-analyses of cohort studies showed that higher intakes of some vitamins [3] [4] [5] were associated with a reduced cataract risk. Similarly, high intakes of fruit and vegetables are also associated with a lower prevalence of cataract or cataract surgery. 6 Because vitamin K has anti-inflammatory and antioxidant properties and is related to glucose and insulin metabolism, we hypothesize that dietary vitamin K 1 intake would be associated with a decreased risk of cataracts among an elderly Mediterranean population.
Methods
The analysis was conducted in the Prevención con Dieta Mediterránea (PREDIMED) study, a parallel-group, randomized clinical cardiovascular prevention trial in participants at high cardiovascular risk (http://www.predimed.es). The detailed protocol was published elsewhere. 7 All participants included in the study provided written informed consent according to a protocol approved by the institutional review boards of all the recruiting centers. At baseline and yearly thereafter, a food frequency questionnaire was administered, and data on energy and nutrient intake were obtained using Spanish food composition tables. Vitamin K 1 intake was estimated using the US Department of Agriculture nutrient database. Cataract was a prespecified secondary outcome defined as the occurrence of cataract surgery during the study. The outcome was externally confirmed by an independent adjudication committee. Traumatic cataracts and those that emerged after intraocular surgery were excluded. In cases of bilateral surgery in the same patient, only the first event was considered (eMethods in the Supplement). Baseline descriptive data were presented as mean (SD) and percentages using analysis of variance and χ 2 test.
Dietary variables were adjusted for total energy intake using the residuals method. We averaged food consumption from the baseline to the end of the follow-up or to the last follow-up food frequency questionnaire before the occurrence of cataract surgery. Multivariable Cox proportional hazard models were fitted to assess the association between dietary vitamin K 1 intake and the risk of cataract surgery. Follow-up time was calculated as the time between recruitment and the date of the event, death, or end of study, whichever came first. Hazard ratios (HRs) and 95% confidence intervals were calculated. A sensitivity analysis was conducted excluding all cataract surgeries that occurred during the first year of the trial. The level of significance was P < .05, and all P values were 2-sided. Statistical analyses were conducted using SPSS, version 19.0 (SPSS Inc) and Stata, version 14 (StataCorp).
Results
We included 5860 participants in the analysis after excluding those with extremes of energy intake, incomplete dietary data at baseline, bilateral cataract, or for whom bilateral cataract could not be discarded at baseline. During a median of 5.6 years of follow-up, 768 participants underwent cataract surgery. Baseline characteristics of study participants are shown in Table 1 . Individuals in the highest tertile of mean energy-adjusted dietary vitamin K 1 intake had a lower waist circumference, were more physically active, and were less inclined to smoke. Baseline dietary intake is presented in the eTable in the Supplement. Participants in the highest tertile of the mean energy-adjusted dietary vitamin K 1 intake had a lower risk of cataract surgery than those in the lowest tertile (HR, 0.71; 95% CI, 0.58-0.88; P = .002) ( Table 2 ). The survival curves and the number of participants at risk in each tertile are shown in Figure. The results of the sensitivity analysis did not differ from the general one, showing a lower risk of cataract surgery in the highest tertile of energy-adjusted dietary vitamin K 1 intake (HR in the 3rd tertile, 0.75; 95% CI, 0.60-0.92; P = .02).
Discussion
These data suggest that higher intake of dietary vitamin K 1 is associated with a reduced risk of cataract. A lens is a complex tissue with a high protein content, minimum turnover, and a powerful antioxidant system. However, during the aging process, lens proteins are subject to posttranslational modifications, and the antioxidant system is compromised. Other chronic conditions, such as hyperglycemia and inflammation, also contribute to the cataract formation. 2, 8 Several epidemiologic studies have shown an inverse association between diets rich in antioxidant and anti-inflammatory vitamins and the risk of cataract, although the results of clinical trials failed to establish any causal association. 9 In this study,
we found an inverse association between higher intake of dietary vitamin K 1 and the risk of cataract surgery. Our results could be partly explained by the antioxidant and anti-inflammatory properties attributed to this vitamin. 10 Moreover, dietary vitamin K 1 intake has been also associated with lower circulating glucose levels and a delay in the insulin response to glucose infusion.
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Key Points
Question Is dietary vitamin K associated with a decreased risk of cataract among an elderly Mediterranean population?
Findings In this secondary analysis of 5860 participants in a randomized clinical trial, participants in the highest tertile of dietary vitamin K 1 intake had a lower risk of cataract than those in the lowest tertile.
Meaning These findings suggest that a high intake of dietary vitamin K 1 is associated with a reduced risk of cataract in an elderly Mediterranean population.
In this regard, dietary vitamin K 1 intake was associated with a reduced risk of new-onset type 2 diabetes in the PREDIMED trial after 5.5 years of follow-up. 12 A 51% lower risk of diabetes was reported in those participants who increased their vitamin K 1 intake during the follow-up. Similarly, a 2014 study 13 conducted in diabetic rats demonstrated that the treatment with vitamin K 1 decreased blood and lens glucose concentrations and reduced the levels of lens sorbitol that could help prevent cataract formation. 13 Therefore, the protective effect of vitamin K 1 intake on cataract surgery risk observed in our study helps to reinforce these findings in animals and extend them to the human population. Abbreviatons: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); HR, hazard ratio; IQR, interquartile range; MET, metabolic equivalent of task; NA, not applicable.
a Cox regression was used to evaluate the risk of cataracts according to tertiles of baseline dietary vitamin K intake and mean dietary energy-adjusted vitamin K intake.
b Model 1 was adjusted for sex, age, BMI, recruiting center, intervention group, smoking (never, current, past), leisure time activity (MET/d), education (primary education, secondary education, higher education), cataract event at baseline, diabetes at baseline, hypertension, hypercholesterolemia, and use of anticoagulant and for baseline dietary variables in energy-adjusted tertiles (vegetables, fruits, legumes, cereals, dairy, meat, fish, olive oil, and nuts), Vitamin C, alcohol, and alcohol squared in grams per day. 
Conclusions
The results of this study suggest a protective role of high vitamin K 1 dietary intake on cataract incidence in a senior Mediterranean population even after adjusting by other potential confounders. Further studies and trials are required to confirm these results. Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.
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We thank all the participants in the trial for their enthusiastic and continuous collaboration. No compensation from a funding source was received for these contributions. 
Materials and Methods
Study design
The present study was conducted within the framework of the PREDIMED trial, a large, multicenter, randomized and parallel-group controlled clinical trial executed between 2003 and 2011, that aims to assess the effect of the Mediterranean diet on the primary prevention of cardiovascular disease (http://www.predimed.es). The study population, design and methods used have been described elsewhere (1) . Eligible participants were communitydwelling individuals, free of cardiovascular disease (CVD) at enrolment, but at high cardiovascular risk because they had either type 2 diabetes mellitus (T2DM) or three or more of the following cardiovascular risk factors: hypertension, smoking, high LDLcholesterol, hypertriglyceridemia, low HDL-cholesterol (≤ 40 mg/dL), overweight or obesity or family history of premature cardiovascular disease. Exclusion criteria were the presence of severe medical conditions impairing the ability of the person to participate in a nutrition intervention study, alcohol or drug abuse, body mass index (BMI) ≥40 kg/m 2 , and allergy or intolerance to olive oil or nuts. A total of 7,447 participants were included in the trial, and randomized to one of the three intervention groups: MedDiet supplemented with extra-virgin olive oil (EVOO), MedDiet supplemented with mixed nuts, or advice on a lowfat diet (control diet). Subjects were community dwelling men (44.2%) and women (55.8) aged 66.3 ± 6.1 years. All participants included in the study provided written informed consent according to a protocol approved by the institutional review boards of all the recruiting centers.
Dietary intake
At baseline and yearly thereafter, trained dietitians completed a 137-item semi-quantitative validated food frequency questionnaire in a face-to-face interview with the participant (2). Energy and nutrient intake were estimated using Spanish food composition tables (3, 4) . Information on phylloquinone intake was estimated using the United States Department of Agriculture (USDA) nutrient database as this information is not available in the Spanish food composition tables. The reproducibility and relative validity of the self-administered FFQ used in the study was validated for dietary phylloquinone using 3-day dietary records as reference. The reproducibility for dietary phylloquinone intake estimated by the Pearson correlation coefficient (r) was 0.755 and the interclass correlation coefficient was 0.860 (P < 0.001) (unpublished data).
Cataracts events
Cataract outcome was a pre-specified secondary outcome of the PREDIMED Trial, and was defined as the occurrence of cataract surgery at any time during the study. For the assessment of incident cataract surgery, participants were visited yearly and specifically asked if they had undergone cataract surgery. The occurrence of cataract surgery was also confirmed by annually reviewing the computer-based records of general practitioners. The cataract outcome was defined by the ophthalmologist and externally confirmed by an independent adjudication committee, whose members were blinded to the dietary intervention and to the participants' dietary behaviors. Cases of traumatic cataracts and those that emerged after intraocular surgery, such as vitrectomy or glaucoma surgery were excluded. In cases of bilateral surgery in the same patient, only the first event was considered in our time-to-event analyses.
Anthropometrical and biochemical records
Anthropometric measures were determined by trained personnel with calibrated equipment at baseline and at each annual visit during the follow-up. Blood pressure was measured in triplicate using a validated semiautomatic oscillometer (Omron HEM-705CP; Omron Healthcare) and the mean was recorded. Fasting blood samples were collected and processed for subsequent biochemical analysis. The validated Spanish version of the Minnesota Leisure-Time Physical Activity questionnaire was administered at each visit (5) .
Statistical analysis
Baseline descriptive data are presented as means ± standard deviations (SDs) for continuous variables and as numbers and percentages (%) for categorical variables using one-way ANOVA and the 2 test for comparisons between groups. Participants who were outside the predefined values for total energy intake (>4000 or <800 kcal/d in men and >3500 or <500 kcal/d in women) were excluded from the analysis. Dietary variables were adjusted for total energy intake using the residuals method (6) . We averaged food consumption from the baseline to the end of the follow-up or to the last follow-up FFQ before the occurrence of cataract surgery. Multivariable Cox proportional hazard models were fitted to assess the association between dietary vitamin K intake and the risk of cataract. Follow-up time was calculated as the time between recruitment and the date of the appeareance of the event, Lost to follow-up, death or end of study, whichever came first. To assess death outcome the strategies included a yearly review of medical records and consultation of the National Death Index. Lost to follow-up was defined when was impossible to contact with the participant or follow them through the National Health System. (7). All outcomes were yearly reassessed. Hazard Ratios (HRs) and 95% Confidence Intervals (CIs) were calculated considering the first tertile of phylloquinone intake as reference. Interaction for sex, T2D and intervention group were not statistically significant. Tests for linear trend were performed by modeling the median values of phylloquinone tertiles as continuous variables. The model was adjusted for potential confounders: sex, body mass index (BMI), recruiting center, intervention group, smoking, leisure time activity and education.Patologies such as hypertension, hypercholesterolemia, diabetes and prevalence of cataract at baseline; use of anticoagulant and energy adjusted dietary variables in tertiles. Statistical analyses were carried using SPSS 19.0 for windows (SPSS Inc., Chicago, IL, USA) and STATA 14 (StataCorp, College Station, TX). 
